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THE HIGH SCHOOL COURSE IN CHEMISTRY 1 

The study of chemistry is a valuable constituent of the high- 
school course on account ( 1 ) of the first-hand information which 
it gives about well-known materials, the principles of their man- 
ufacture, and their properties, as the result of personal observa- 
tion ; and (2) of the training in observation in general and correct 
induction from observation which it affords. Without labora- 
tory work it is almost wholly valueless for these purposes. It 
should be preceded by physics, since chemistry necessarily 
assumes a knowledge of the physical properties of matter and 
of the phenomena connected with heat and electricity. If, on 
account of limited teaching force, relatively little time can be 
given to the sciences, it is preferable (as the " Committee of Ten " 
advise) , to give a year each to one or two sciences than shorter 
periods to a larger number. It must be remembered that, for 
the efficient teaching of science, preparation of apparatus and 
experiments for demonstrations and laboratory work are neces- 
sary, and the science teacher cannot therefore carry more than 
half the number of recitations assigned to most other teachers. 

1. Time. — The work outlined below will demand at least 200 
hours' work ; about half the time, in two-hour periods, should be 
spent in the laboratory. 

2. Methods of teaching. — To make the study of any value, 
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personal observation in the laboratory must be followed by 
thorough discussion of the results individually and in class. 

Laboratory work. — The experiments must be performed by 
each pupil individually. 

Each pupil must record his observations and the interpreta- 
tion of them in a notebook. His work should be continuously 
supervised and his records frequently examined by the teacher. 

Most pupils will tend to fall into merely mechanical per- 
formance of assigned work. To combat this is the most difficult 
task of the teacher of chemistry. Each experiment is a question 
put to nature, and forethought and care are necessary in putting 
the question, and study and reflection in interpreting the answer. 
Strenuous effort is required to make the pupil realize this. 

Beginning at an early stage in the course, simple quantitative 
experiments should be given, in order to illustrate the laws of 
definite and multiple proportion, the determination of combining 
weights, the sp. gr. of gases, etc. This will enable the pupil to 
appreciate the fact that, although the quantities used in the 
majority of laboratory exercises may not be measured, yet the 
quantities of matter involved in all chemical changes are definite 
and measurable. Without such measurements the law of definite 
proportions cannot be really grasped and will soon be forgotten, 
and atomic weights will seem purely mythical. Not less than six 
such exercises should be given. 

One or two of these experiments must be introduced early in 
order that formulae and equations, when the time for their employ- 
ment comes, may be given as abbreviated expressions of the 
results of quantitative measurements. The pupil must never seek 
information by constructing an equation. Observation is the 
only source of information and the equation simply expresses 
the quantitative relations observed. All "exercises in writing 
equations " and rules for constructing them, as if they were math- 
ematical expressions, must be rigidly excluded. 

Qualitative analysis is a branch of applied chemistry and 
cannot be learned otherwise than mechanically without a long 
preparation in general chemistry. There should be no pretense 
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of teaching it in a secondary school as part (much less as the 
whole) of the first year's work. It gives a distorted view of the 
classification of the elements and of the relative importance of 
their properties, and bears the same relation to the science of 
chemistry that the Linnean system of classification in botany 
bears to the natural. 

Yet exercises on the recognition of chemical substances will 
tend to fix their properties in the mind and give a useful review 
of many of the facts and principles of the science, provided that 
a proper method of conducting them be pursued. Analytical 
tables encourage mechanical work in a remarkable degree and 
cannot be permitted. An outline suggesting suitable dry and 
wet-way experiments, which will throw the burden of thought 
and rigid proof on the pupil will be a sufficient guide. This part 
of the work may fitly occupy five or six weeks of the course. 

Demonstrations. — Many parts of the subject can best be 
introduced by means of carefully reasoned and fully illustrated 
demonstrations by the teacher. Sometimes also this method of 
teaching has to be used where the apparatus is complicated and 
cannot be supplied to each pupil, or where, in striving to make 
the experiment successful, the pupil will be in danger of wasting 
time. Thus on pedagogical or practical grounds many of the 
Hofmann experiments for illustrating Gay Lussac's law of vol- 
umes (explosion of hydrogen and oxygen, electrolysis of hydro- 
chloric acid, etc.) are best performed by the teacher. 

Library. — Interest in the study should be fostered by provid- 
ing a small ^library. The use of this will counteract the idea 
which the pupil may possibly receive that the text-book employed 
in the class is a "complete" treatise. It should contain some 
more advanced works as well as some of a more popular nature. 

3. Subject-matter. — The following outline includes only the 
indispensable things which must be studied in the class room 
and laboratory. The material is for the most part common to 
all elementary text-books and laboratory manuals. Each book 
makes its own selection of facts beyond this which may be neces- 
sary for the illustration of the principles of the science. The gen- 
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eral scope of the work may be gathered from examination of Rem- 
sen's Briefer Course, Storer and Lindsay's Chemistry, and labora- 
tory manuals of White {Elementary Chemistry}, and Newth {Ele- 
mentary Practical Chemistry for non-metals), and the new sylla- 
bus of laboratory exercises used in Chicago city schools. The 
following outline is to be viewed in relation to the ground covered 
by such works. 

Outline.- — The chief physical and chemical characteristics, the 
preparation and the recognition of the following elements and 
their chief compounds : Oxygen, Hydrogen, Carbon, Nitrogen, Chlor- 
ine, Bromine, Iodine, Fluorine, Sulphur, Phosphorus, Silicon ; Potas- 
sium, Sodium, Calcium, Magnesium, Zinc, Copper, Mercury, 
Silver, Aluminium, Lead, Tin, Iron, Manganese, Chromium. 

More detailed study should be confined to the italicized 
elements (as such) and to the following compounds : Water, Hydro- 
chloric Acid, Carbon-monoxide; Carbon-dioxide, Nitric Acid, 
Ammonia, Sulphur-dioxide, Sulphuric Acid, Hydrogen Sul- 
phide ; Sodium-hydroxide. 

Attention should be given to the atmosphere (constitution 
and relation to animal and vegetable life), flames, acids, bases, 
salts, oxidation and reduction, crystallization, manufacturing 
processes, familiar substances (illuminating gas, gunpowder, 
baking powder, mortar, glass, metallurgy, steel, common alloys, 
porcelain, soap). 

Combining proportions by weight and volume ; calculations 
founded on these and Boyle's and Charles' laws ; symbols and 
nomenclature (with careful avoidance of special stress, since 
these are non-essential) ; atomic theory, atomic weights and 
valency in a very elementary way ; nascent state ; grouping of 
the elements ; solution (solvents and solubility of gases, liquids 
and solids, saturation) ; ionization ; conservation and dissipation 
of energy; chemical energy (very elementary). 

Suggestions. — Chemical terms should be defined and explained, 
and the pupil should be able to illustrate and apply the ideas. 

Formulce should never be used in place of names. Chemical 
changes should be expressed by words as well as by equations. 
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Attention should be drawn to the fact that the latter are par- 
tial statements — are simply expressions of quantity — and hold 
under certain conditions only, which should be carefully 
described. Thus, Zn -f- H 2 S0 4 =ZnS0 4 -f- H 2 is even untrue, 
unless the other conditions, particularly the presence of water, are 
specified. 

4. Examuiations. — -These should be so constructed as to test 
knowledge of facts and principles, ability to reason, and cultiva- 
tion of the scientific imagination. They should reveal laboratory 
experience or its absence. 

5. Equipment. — Laboratory. Proper desks at least 2 feet 3 
inches deep and allowing places 3 feet 6 inches long for each 
pupil, with gas and water connections and bottle racks, cup- 
boards, and drawers are necessary for efficient chemical work. 
One hood with good ventilation, for every four to six students 
is indispensable. 

Apparatus. — Each pupil should be supplied with a set of 
apparatus for which he is held responsible. Some pieces of appa- 
ratus, which are expensive or are less frequently employed, may 
be kept in the laboratory for common use. Of this nature are most 
of the articles required for quantitative experiments. Detailed 
lists of apparatus and chemicals will be found in Remsen's 
Briefer Course and other texts. 

In view of the prevailing idea that quantitative experiments 
require expensive apparatus, it may be mentioned that a balance 
costing $12. 50 and weights ($1.25) will amply suffice, and efficient 
work is being done in some schools with ordinary hand scales 
costing less than $1.50! There should be one balance to every 
six pupils working at one time. In addition to this the follow- 
ing will be required : 

Barometer ; thermometer, one for twelve pupils ; burettes, 
two for four pupils ; porcelain crucibles for each student ; bottle 
for aspirator (one litre) for each student. 

Most of the apparatus for demonstrations can be made by 
the teacher by use of the blowpipe, some glass tubing of various 
sizes, and a few pieces of thin platinum wire. 
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Richards & Co., Sargent & Co. in Chicago, and Eimer & 
Amend in New York will give estimates for supplies of all 
descriptions. 

Library. — The following list is suggested, though the use of 
some of the books will probably be confined to the teacher. In 
case the complete list cannot be purchased, those which are 
specially recommended have been marked with an asterisk. 
The prices given are in most cases subject to discount. 

Roscoe & Schorlemmer, Treatise on Chemistry, Vols. I and II (Appleton, 
$1 i.oo). 

*Remsen, Chemistry, Advanced Course (Holt, $2.80). 

Mendelejeff, Principles of Chemistry (Longmans, $10.00). 

*Newth, Inorganic Chemistry (Longmans, $1.75). 

Ostwald- Walker, Outlines of General Chemistry (Macmillan, S3. 50). 

*Walker-Dobbin, Chemical Theory for Beginners (Macmillan, 70 cents). 

*Ostwald, Scientific Foundations of Analytical Chemistry (Macmillan, 
$1.60). 

Remsen, Organic Chemistry (Heath, $1.20). 

Fresenius, Qualitative Analysis (Wiley, $4.00). 

Remsen, Theoretical Chemistry (Lee, $1.60). 

*Tilden, Hints on Teaching Elementary Chemistry (Longmans, 75 cents). 

*Ramsay, Experimental Proofs of Chemical Theory (Macmillan, 60 
cents). 

*Newth, Chemical Lecture-experiments (Longmans, $3.00). 

Cornish, Practical Proofs of Chemical Laws (Longmans, 75 cents). 

Faraday, Chemistry of a Candle (Harper, 85 cents). 

Appleton, Handbook of Chemistry (Silver Burdette & Co., $1.00). 

Johnston, Chemistry of Common Life (Appleton, $2.00). 

Tracy, Sanitation (Appleton, 50 cents). 

Church, Food (Scribner, $1.20). 

Richards, Cooking (Estes & Lauriat, 50 cents). 

Richards, Food Materials (Estes & Lauriat, 50 cents). 

Ramsay, Gases of the Atmosphere (Macmillan, $2.00). 

Lassar-Cohn, Chemistry of Every Day Life (Lippincott, $1.75). 

E. v. Meyer, History of Chemistry (Macmillan, $4.50). 

Liebig, Chemical Letters. 

Muir, Heroes of Science, Chemistry (Young, $1.25). 

*Thorpe, Essays in Historical Chemistry (Macmillan, $2.25). 

Shenstone, Liebig, Century Series (Macmillan, $1.25). 

Roscoe, Dalton, Century Series (Macmillan, $1.25). 
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*Alembic Club Reprints (Historical). Chem. Pub. Co., Easton, 50 cents 
each. 

1. Experiments upon Magnesia Alba, Black. 

2. Foundations of the Atomic Theory, Dalton, Wollaston, Thomson. 

3. Experiments on Air, Cavendish. 

4. Foundations of the Molecular Theory, Dalton, Gay Lussac, Avogadro. 

5. Extracts from Micrographia, Hooke. 

6. The Decomposition of the Alkalies and Alkaline Earths, Davy. 

7. The Discovery of Oxygen, Priestly. 

8. The Discovery of Oxygen, Scheele. 

9. The Elementary Nature of Chlorine, Davy. 

10. Researches on the Arseniates, Phosphates and Modifications of Phos- 

phoric Acid, Graham. 

1 1. Essays of Jean Rey. 

12. The Liquefaction of Gases, Faraday, Northmore. 

13. Early papers on Chlorine, Scheele, Berthollet, Gay Lussac and 

Thenard. 

14. Researches on Molecular Asymmetry of Natural Organic Products, 

Pasteur. 



